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FOREWORD

This volume is tile second in the series presenting Ranger" VII

photographs of the Moon. Part I* consisted of all of the photographs

taken by the full-scan A camera. Part II contains all of the photo-

graphs taken with the full-scan B camera, whieh used a 76-ram focal-

length lens and produced 200 photographs, whose resolution almost

from the first photograph was equal to or better than the best photo-

graphs of the Moon taken with Earth-based telescopes.

The A and B carnera fields of view overlapped, but the narrow

angle of the t3 camera did not encompass the velocity vector of the

spacecraft; therefore, the B series does not contain the impact point.

The optical axis of tile B camera was inclined 36.1 _ with respect to

the normal at tile impact point and differed by 8 ° from the trajectory

of the spacecraft.

The B camera phnto_raphic covera_ze of the Moon included a

sweep of an area nearly 700 km hm_, frnm the near terminator craters

Ptolemaeus, Alphonsus, and Arzachel to the impact point in Mare

Cognitnm** (see Frontispiecel. This re_ion nf the Moon was seen

from an angle differing by al_out fl0" hmn Earth-based photographs:

thus, the early t3 camera photographs can be viewed in stereo

with Earth-based photographs to provide additional topographic
information.

*Ranger VII, Photographs of the Moon, Part I: Camera "'A" Series, August 27,
1964.

**Name adopted by Internatinnal Astmwm_ical Union at Twelfth General As-

sembly, Hamhur._, Cermany, '5eptember 1, 1964, as appropriate [or mare
area now known in ecmsiclerable detail as a result of the Ranger VII mission.

This set of volumes is heing prepared in order to provide the

scientific community with the photographic results of the Ranger VII

mission. Continuing efforts by the Ranger Experimenter team will

lead to a formal proiect report of the results of their work with these

data. The Ran",.er Experimenter team which has been conducting the

initiaI scientific evaluation has as its members the following scientists:

Principal Investigator" Dr. Gerard P. Kuiper, Director, Lunar and

Planetary I.aboratory, University of Arizona,

Tucson, Arizona.

Co-experimenters Mr. R. L. Heacock, Chief, Lunar and

Planetary Instruments Section, Jet Propulsion

Laboratory, Pasadena, California,

Dr. E. M. Shoemaker, Chief, Astrogeology

Branch, U. S. Geological Survey, Flagstaff,
Arizona.

Dr. H. C. Urey, Professor at l,arge, School

of Science and Engineering, University of

California at La Jolla. California.

\tr. E. A. _,Vhitaker, Research Associate,

Lunar and Planetary Laboratory,

University of Arizona, Tucson, Arizona.

The photographs in this atlas were prepared from 8 _( 10-in. sheets

of Kodak Commercial negative fihn by hand-dodging the master posi-

tive, wlfich was a fine-grain copy of the prime negative 35-ram film.

NOTE: The photographs rcJerred to above were used to make

/he c_ravi_lgs _or this printed edition of the atlas. The engrat_ings

wcpc copper, and the _ct'eeli nsed was 150 lines to the inch. The

letterp;'e,ss printing was done by the U.S. Go_,erameut Printing Office.
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I. INTRODUCTION*

The development of tilt' basic Raneur spacecraft system was initi-

ated in 1959. The spacecraft was conceived as a fully attitude

stabilized platform from which hmar or planetary observations could

be made by mounting aIternate payloads Cm top of tbe basic space-

craft. A new concept involving a parking orhit was also proposed in

order to permit maximum payloads to be injected on the most efficient

hmar or planetary trajectory. Tile technique invnlves two burns of the

second stage of the Atlas/Agena B launch vehicle to compensate for

the nonidea[ geographical location of the launch pad and provide a

more practical daily launch window.

The advantages to he gained from an attitude-stabilized spacecraft

configuration include:

1. Maximum effectixeness m e,enerating power hy accurately

pointing solar panels at the Sun.

2. Establishment nf an accurate an<In-reference system for use as

a coordinate svstenl ill 'o,'hich to perfnrnl a midcourse maneuver

to trim the flight path and as a reference for terminal orientation.

3. Provision of maximum cmnmunicatinns by accurately pointing a

hi,h-gain antenna at the Earth.

4 Feasibility of using scientific instrmnents which require direction

determination and/or cmatrol to make their observations

The nominal sequence of spacecraft operation after separation

from the A_ena B invnlw's extending the solar panels and pointing the

roll axis at the Sun for maximum solar power. The attitude-control

system uses inputs from optical sensors to control small cold-gas jets

to obtain and maintain proper attitude orientation. V_rhen the space-

craft is sufficiently far from the Earth, the antenna hinge anlzle is

nominally set to point the optical Earth sensor and the high-gain

antenna at the Earth. The control jets roll the spacecraft until the

optical Earth sensor locks onto the Earth and high-gain directional

*The sections that follow were prepared by' Gerald M Smith, I)onald E Willing-
ham and William E. Kirhofer of the Jet Propulsion ],ahoratory, California
Institute of Technology.

communication is made possible, Establishing Sun and Earth orien-

tation in this manner provides full attitude stabilization for the cruise

mode.

The midc'ourse maneuver is performed by establishing an appropri-

ate pointing direction relative to the Sun-spacecraft-Earth coordinate

system and firing a mideourse rocket engine to obtain the desired

velocity increment. A radio-command system transmits the angles and

velocity-increment requirements to the spacecraft. The commands

are stored and acted upon in a controlled sequence using a gyro-

stabilized reference system to achieve the required orientation. Once

the midcourse maneuver is complete, the spacecraft automatically

resumes the cruise-mode orientation.

The spacecraft has the ability to perform a limited angular orien-

tation in a termiual-manenver sequence if reqnired The principal

constraint upon orientation geometry involves maintaining the higb-

gain antenna pointed at the Earth.

The Banner Block llI project (consisting of Rangers VI through IX)

was initiated in mid-1961. The objective of high-resolution photo-

graphs of tbe lunar surface eould conceptually be achieved through

any of several approaches, ranging from systems using long focal-

length optics to a technique involving a retro firing sequence. The

approadl which was selected used more conventional techniques and

available technology. A high-power transmitter was used to provide

sufficient video bandwidth for a rapid framing sequence of televisinn

pictures to impact. Two separate channels were proposed for redun-

dancy and to permit both narrow- and wide-angle camera coverage,

The camera fields of view were arranged to provide overlapping

coverage so that, with a nominal terminal orientation, a nesting

sequence of photographs would be obtained from at least one of the

wide-angle cameras. The narrow-angle camera frame sequence is

over ten times faster than the wide-angle camera sequence to permit

operation closer to the surface for higher resolution. The final design

of the system included two cameras in the wide-angle system and

four cameras in the narrow-angle system.
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II. RANGER VII MISSION DESCRIPTION AND TRAJECTORY

Ranger VII was launched from Cape Kennedy on July 28, 1964,

at 16:50:08 GMT, after a very smooth cmmtdown with no unscheduled

holds. The launch resulted in a trajectory which would impact the

far side of the Moon. The necessary mideourse maneuver was then

calculated and executed to impact the desired target area. During the

launch, all booster-vehicle and spacecraft events occurred as planned.

The initial boost placed the Agena 13 and spacecraft in a parking orbit

over the Atlantic Ocean, where the A_ena B second burn was initiated.

Termination of this boost phase accomplished the injection of the

spacecraft into an Earth-Monn transfer orbit. After separation from

the Agena, the spacecraft solar panels were extended and Sun and

Earth acquisition were accomplished in a normal manner.

Telemetry and doppler velocity data received following the

midcourse-motor burn confirmed the desired midcourse correction.

The spacecraft then returned to cruise mode by reacquiring the Sun

and Earth. Post-midconrse tracking data indicated that the spacecraft

would impact the Moon in the target area, ll:'South and 21°West

selenocentric coordinates.

After the midconrse maneuver, the terminal approach was analyzed

considering the angle of illumination of the hmar surface, the direction

of the velocity vector of the spacecraft, and the pointing direction of

the camera system. It was established that no terminal maneuver was

required for the phntoy;raphic sequence. The wide-angle camera sys-

tem started taking pictures at 13:08:36 GMT on July 31, 1964, 17 rain:

13 sec prior to impact. The narrow-angle system initiated transmission

of pictalres at 13:1:2:09 (;NIT, 13 rain, 40 see prior to impact. Both

camera systems operated to impact at 13:25:49 GMT. The last narrow-

angle picture was taken at 01S sec before impact from an altitude of

approximately 480 meters. The area read out covers approximately
30 "/ 50 meters and has a surface resolution of about 0.5 meters.

The spacecraft encountered the Moon in direct motion along a

hyperbolic trajectory, with incoming asymptote direction at an angle

of -5.57 ° from the lunar equator. The orbit plane was inclined 26.84 °

to the hmar equator. Thtls, the subspacecraft trace on the lunar

surface was initial[,,' above the lunar equator by approximately' 5"

and proceeded in a southeasterly direction, crossing the equator at a

selenocentric west longitude of 42.2 ° in a direction 28.6 ° south of east

some 46 rain prior to impact.

At the time of the frst wide-angle picture, the spacecraft seleno-

centric south latitude and west longitude were 3.3 and 35.9 °, respec-

tively. At impact, the velocity vector was o.25.8° from the local vertical

in a direction, projected into the local horizon, 114.9 ° east of north.

The velocity of the spacecraft at impact was 2.62 kin/see. The

encxrunter geometry illustrated in Fig. i relates the trajectory and

lunar trace with the hmar area viewed by each wide-angle camera.

In addition, Fig. 1 gives the traee on the hmar surface viewed by the

optical axis of the wide-angle cameras prior to hmar impact.

During the cruise mode and terminal portion of flight, the Ranger" VII

spacecraft was stabilized by a cold-gas jet attitude-control system.

This system derived its reference from the Sun and Earth. The Sun

sensors allowed the spacecraft roll axis to be aligned with the -Z axis

toward the Sun. The Earth sensor was used to orient the high-gain

antenna toward Earth. This orientation kept the Earth in the -Y,Z

plane of the spacecraft. The X, Y, and Z orthogonaI coordinate system

associated with the spacecraft is defined in Fig. 2.

The referenee direetion for the camera alignment was 38 ° from the

Z (or roll) spacecraft axis. The optical centers of all the cameras were

within 0.5" of the spacecraft Y,Z plane. The relative camera align-

ment with spacecraft coordinates is shown in Fig. 3.

At hmar cncmmter, the Moun was very near its third quarter, with

the projection of the Sm_ at a selenncentric north latitude and west

longitude of 0.9 and 87.6, respectively. The hmar ]ibration was

such that the projection of the Earth was at a hlnar north latitude

of 5.8: and west longitude of 5.2 _. Thus, with the Sun and Earth as

reference, the I',Z spacecraft plane was then inclined to the hmar

equator by approximately 5 °. Because the camera axes are nearly

contained in the Y,Z spacecraft plane, the cameras were, in general,

pointing south of the lunar equatorial plane by approximately 5 ° .

This e×plains the southerly positi_m from the trajectory trace of the

area viewed by the optical centers as illustrated in Fig, 1.
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Fig. I. Lunar encounter geometry
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Fig. 2. Spacecraft coordinate system
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III. IMPACT-AREA SELECTION AND CAMERA TERMINAL ALIGNMENT

The selection of optimum hmar aiming areas for the Ranger space-

craft requires consideration c)f hmar topography and photometry,

camera characteristics, and spacecraft viewing geometry and trajec-

tories. In addition, possible nonstandard flights (in terms of that

desired) offer an infinite number of situations from which the optimum

mode of operation must be selected. A quantitative method for

quickly arriving at such decisions prior to and during flight is thus a

necessity. For this purpose, a mathematical model utilizing a c_mplete

camera systems description, a generalized hmar photometric functiom

a human observer model, and a spaeecraft-traicctory description has

been developed and programmed into a digital computer {Refs. 1

and :2). Because of simplifying mathematical assumptions and lack of

experimental verification prior to the Ranger VII flight, the output

of the computer program ix considered (rely a relative indication of

system performance. This performance indicator, denoted as the

"figure of merit," is an estimate of the smallest surface feature that

can be detected by an observer viewing the output 35-ram film

positive from the camera system. More explicitly, the figttre of merit

is defined as the size of the smallest square element on the lunar

surface baying representative contrast with the background which

can be detected by an observer viewing the 35-ram film.

To specify the contrast of the square surface element and the general
surface luminance distribution, one must have knowledge of the hmar

photometric properties. In deriving a generalized photometric func-

tion, mare observations were selected from the work of Sytinskaya

and Sharonov (Ref. 3). These observations were combined and aver-

aged to ohtam a generalized reflectivity model as a function of two

angles--phase angle and hmainance longitude (Ref. 4). With the

assumption of photometric uniformity for all levels of resolution and

the use of an appropriate solar constant, a prediction of average mare

brightness as a function of the above two parameters can be made.

Given the surlace photometric characteristics and viewing geom-

etry, the appropriate contrast to be used for calculating the figure of
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merit would be that obtained in an average over the most probable

surface orientations of hmar relief. For mathematical simplicity, an

inverted right-circular cone of given base angle (a computer-program

input variable) has been chosen as a representative surface feature.

The viewing geometry is, of course, dependent upon tile position of

the lunar impact area with respect to the terminator, the trajectory

characteristics, and the terminal mode orientation of the spacecraft.

Hence, the average contrast is strongly dependent upon tile position

of the point on the hmar surface at which it is calculated.

The 35-ram film transmission distribution produced by tile passage

of the scene luminance distribution through the camera system can

be calculated by use of conventional Fourier-transform techniques.

Complete system description requires only the specification of the

light-transfer characteristic from scene hmlinance to output film trans-

mission and the system vertical and horizontal (perpendicular and

parallel to the line scan, respectivelyi spatial sine-wave response func-

tions. By neglecting phase shift, the spatial sine-wave response

functions can be appr¢)ximated hy gaussian curves so that each can be

specified completely by a ganssian width parameter. The width

parameters and light-transfer characteristic of each camera are derived

from preflight system calibration. Thus, with the specification of the

viewing geometry, the output signal on tile 35-ram film can be com-

puted solely as a fnnetion of the square surface-element dimension.

The next step is {or the human observer to view and interpret the

resultant fihn image. He will, of course, see a certain amount of system

noise contributed primarily by system electronics and film granularity.

The root-mean-square noise amplitude as a function of film trans-

mission can be determined experimentally with a miero-densitometer.

It has been assumed that the human observer optimizes viewing

conditions and makes the image stand out from the background noise

as much as possible. Mathematically, tile observer is represented as

an optimum filter maximizing the image signal-to-background-noise

ratio. The characteristics of this optimum filter are completely deter-

mined by the film transmission signal, which, in turn, was created by
tile luminance distribution from the surface element. Hence, the

resultant signal-to-noise ratio is dependent only upon tile size of

the square surface element being viewed. Therefore, specification of the

threshold signal-to-noise ratio required for detection (with a given

probability) determines the size of tile minimmn detectable surface

element or figure of merit.

Thus, tile figure of merit is a measure of tile smallest objects

detectable in tile scene being viewed, incorporating the effects of tile

environment in which the system must operate, the nature of the scene,

the systern's inherent parameters, and the human observer capabilities.

During a preflight operational mode: necessary system parameters

and encounter geometry are known. With the assumption of a time

before impact at which the last picture is taken and the specification

of a representative cone base angle, threshold signal-to-noise ratio,

and spacecraft terminal-mode orientation, the figure of merit can be

80* S

NOTE NO TERMINAL MANEUVER

30 o BASE ANGLE FEATURE.

FRAME TIME 3 84 see BEFORE

IMPACT, S/N RATIO" 30

Fig. 4, Ranger V|| preflight analysis, camera A

figure of merit contours

80" S

NOTE NO TERMINAL MANEUVER,

SO" BASE ANGLE FEATURE,

FRAME TIME 384 tic BEFORE

IMPACT, S/N RATIO=SO

Fig. 5. Ranger VII preflight analysis, camera B

figure of merit contours
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calculated as a function of impact latitude and longitude. In addition,

the root-mean-square image motion over the camera field of view is

calculated for each impact point. Combined contours are then drawn

using only the larger of the two values (figure of merit or image

motion); where image motion is the larger, tile contours are dashed.

In practice, two terminal orientations are examined prior to launch:

(1) the normal orientation of the central camera reference axis along

the trajectory vector, thus minimizing image motion, and (2) the
no-terminal-maneuver orientation.

Representative contours are shown in Figs. 4 and 5. It will be

noted that the optimum impact area for camera F.--that is, the

contour which indicates the smallest figure-of-merit value---occurs

approximately 2,5 ° from the terminator, while for camera F,_, the

optimum is about 10 ° from the terminator. Note also the computer-

program input parameters indicated on the Figures.

The contours were furthcr superimposed with hmar topographic

characteristics (mare impact areas were desired) and predicted mis-

sion aiming accuracies to obtain a primary target area of ll°South

latitude and 2lOWest longitude for a July 28 launch. Primary aiming

points were selected fro- the other possible lamlch dates in the same

manner.

After the Ranger VII spacecraft successful launch, injection, and

midcourse correction had assured impact in the prelannch aiming

area, the detailed terminal-mode study was begun. In all, seven

terminal orientations were examined. The small amount of image

motion (0.7 meter in the last P camera frame) and the very desirable

surface trace in the no-terminal-maneuver case, combined with the

relative insensitivity of the figure of merit to orientation changes

within those considered, made the no-terminal-maneuver orientation

nearly optimum.
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IV. TELEVISION SYSTEM DESCRIPTION

A. Cameras

The Ranger Block liE spacecraft television system contains six

cameras, divided into two separate channels designated P and F.

Each channel is self-contained, with separate power supplies, timers,

and transmitters. All six cameras arc fundamentally the same, with

differences m exposnre times, fields of view, lenses, and scan rates

distinguishing the individual cameras (Table 1).

Table 1. Camera characteristics

Chaeocteristi¢

A

Focal length, mm 25

f number 1.0

Frame time, sec 2.56

Horlzanta[ frequency, cps 450

Exposure time. msec 5

Field of view', deg 25

Target size, deg I I

Scan lines 1150

Time belween frames, sec 5.12

B

76

20

2.56

450

5

8.4 2.1

}1 2,8

150 300

512 0.84

Camera

P: P

76 76

20 2.0

0.2 0.2

1500 1500

2 2

21

2.8

300

0.84

P:

25

1,0

02

1500

2

6.3

2.8

300

Og4

P_

25

1.0

0.2

1500

2

6.3

2.8

300

0.84

*The octuar field of view is somewhat smaller than the given numbers because ef the peelence

oF a mask at the edge of the vldlca_ target which is used Io determine scene block on each

scan of the electron beam.

One-inch-diameter xidkons arc used fnl imaKe sensing Electro-

lnagnetically driven s/it-t}pv shutters uxpose the vidicons. Tile image

is focused on the vidicon tar_ut thrlnlgh the slmtter, which is placed

slightly in front of the h_cal plane The vidicon target is made up of a

layer of photocondu_ti\c material, initially charred tl3' scanning with

an electron beam. The ima_c fnrmed on the photoconductive surface

cattses variations ill regis/ariel ' across the surface which are a function

of the image brightness These \'ariations allow a redistribution of the

charge which remains after exposure. In the Ranger cameras, the

charge pattern formed bv the image on the photocondnctor remains

much longer than in t.ommercial systems, so that the pictures may be

taken more shm'lv. By s/owing down the pichlre-taking rate, it is

possible to use a narrmv electrical bandwidth, which simplifies the

communicatiollS problem m transmission of the signal to Earth,

After the image has been formed on the photoconductor by operation

of the shutter, an electron beam seans the surface and reeharges the

photoconductor. Tim xariatinn in charge current is the video signal,

which is then amplified several thousand times and sent to the trans-

mitter, where the amplitude variations are converted to frequency

variations. The frequency-mudulated signal is amplified, and the

signals from the two channels are combined and transmitted to Earth

through tile spacecraft high-gain antenna.

1, F Channel

The F channel has two cameras--the A camera with a 0.25° field

and the B camera with an 8.4 ° field. Both have 5-msee exposure times;

however, the A camera has a 25-ram f/1.0 lens, while the B camera

f/2.0 lens is 76 ram. The eomhined useful operating range of the two

cameras is/rum about 10 to 2500-ft lambert* scene brightness. This

large dynamic range allows for the possibility of the spacecraft

impacting in a region with poor lighting conditions without appre-

ciable reduction in the quality of the photographs. The electron beam

scans an area approximately 11 mm square in 2.5 sec with 1150 lines.

The two cameras operate in sequence, so that only one camera is

heing scanned at a particular time. This allows the signals from the

two cameras to be transmitted over a single transmitter. Since each

camera requires 2.5 sec to be scanned and then must wait 2.5 see while

the other camera is scanned, there are intervals of about 5 sec between

consecutive pictures on a particular camera. During the waiting period,

the cameras erase the residual image from the preceding picture and

the shutter exposes the vidicon for the next cycle of operation.

2. P Channel

The P channel contains four cameras, designated P, through P_.

The same combination of lens types as in the F chalmcI is used in the

P cameras. P, and P_ use 76-mm f/2.0 lenses, and P._ and P, use _5-mm

f/1.0 lenses, so that the P cameras have the same dynamic range capa-

bility as the F cameras. The primary difference between the two sets

of cameras is in the scan rates and the portion of the photoconductive

target used. The P cameras scan only a 2.8-mm-square segment of

the target with 300 scan lines, The time required to scan the area is

0.2 see. Again, as with the F cameras, only one camera is being scanned

at a time, so that all fmlr are coupled into a single transmitter, The

time 1)ee, veen consecutive pictures on a particular camera is 0,84 see.

Because of the smaller target area of the P cameras, the field of view

is correspnndmgly smaller than that of the F cameras. P_ and P_ have

approximately 2.1 ° fields, while the P,, and P_ fields are approximately

6.3 °. In addition tn the differences described above, the P camera

exposure times are shorter than the F exposures. The P shutters arc

set for a 2-msec exposure to reduce image tnotion as the spacecraft

approaches the hmar surface. The last complete F camera picture is

taken hetween 2.5 and 5 see before ifnpact, while the last complete

P camera picture is taken between 0.2 and 0.4 sec because of the

faster cycling rate on the P cameras. Image motion is therefore more

severe in the last P camera pictures, and shorter exposure times are

required. The sequence for one cycle of operation of the P cameras

is P,-P_-P.-P_, so that photographs are taken alternately by a 76-ram
lens and a 25-ram lens.

B. Receiving and Recording Equipment

The television signaIs from the spacecraH are received with 85-ft-

diameter antennas at two sites, located about l0 mi apart at Gold-

stone. California. The signals are amplified and mixed by a local

oscillator to reduce the signal center frequency to 30 Me and then

sent to the television receiver. Another mixing operation reduces the

*i ft lambert : _ 1.71764 X 10 :' lamberts.
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frequency to 4.5 and 5.5 Me, respectively, for the two channels.

Tilt, signal frequency variations arc then converted back to anaplitude

variations m two demodulators (one for each camera channel), whose

imtputs are the same as tile video signals originally generated in the

calneras. The vide+> signals are used to control the intensity of an elec-

trun beam in a cathode-ray tube, which is scanned in unison with the

electron bealn in tilt" cameras. The cathode-ray tube reconstructs

the original image, whieh is then photographed on 35-ram film.

These recording devices are similar to the commercial kinescopes

used for recordin_ television programs on film. Again, there is one

recording device f¢_r each camera ehamle], so that two pictures are

being recorded at any instant in time, one F camera and one P eamera.

All the ftmctions discussed above are duplicated at both receiving

sites, with one exception. One site utilizes a single film recorder to

record the fnm" P cameras, while the other site maintains two film

recorders and reem'ds both camera channels.

In addition to tile fihn recorders, another means of recording the

data is used. The 4.5- and 5.5-\1c signals that go to the demodulators

are also sent to another mixer, which reduces the center frequency

still furthel to 500 kc. These signals tart' recorded on magnetic tape at

both sites, Two such recorders are used at each receiving station.

In order to obtain fihn records frmn the magnetic tapes, they are

played through a demodulator, aml the video signal is applied to tht'
fihn recorder as discussed above,

C. Camera Calibration

The calihrati_m of the cameras involves three principal aspects of

camera per[ormancc: light-transfer characteristic (photometric cali-

hration), stile-wave resp_mse (modnlatiml transfer ftmction), and

system noise. In additiml, data <m t_eometric distm'timl are obtained.

1. Light-Transfer Characteristic

In order to nhtain s_mae absoh,te photometric information about the

hmar sttrtace, camera sensitivity is measm'ed as a function of scene

brightlwss. Using a set of eullimators to simulate the scene, the

cameras are expused tt> v_niotts I)rightness levels before launch, and

the camera signal outlmt is recorded on magnetic tape. The magnetic

tape is then played back throueh the recording equipment at Gold-

stone, and the ealihrati,m data are recorded on the same film as the

hmar photographs in order t<+ eliminate errors due to differences in

film strips processed at different times. The variation in development

of a single strip from one clad t_+ the other is negligible. The net result,

then, is the fimctimla7 relatitmshil+ between film density and col-

limator brightness In re'dot to aecuttnt for the differences between the

spectral emission characteristics of the collimators and the reflected

solar radiation fiom tile lunar stem?, a series of spectral measurements
is made on aIl the instrttmentation. A correction factor is then ealcu-

lated to correct the collimator brightness to hmar scene brightness.

Reference 5 describes this procedure. Since the photometric cali-

bration is on the same film as the photographic data, it can be carried

through sttbsequent copyinK operati<ms. A typical light-t,'ansfer char-

acteristic of scene brightness vs. uegative flhn density for a 76-ram

and a 25-ram camera is shmvn in Fig. 6. The accuracy of the photo-

metric calibratku+ is linlited primarily hv vidieon nontmiformities and

variations in exposure times, and is expected to be about _+20%.

25

2O

I ' I IIIIIil ,/1 l lll£fl +?

"io

10 I 2 4 6 I0 _ 2 4+ 6 I0 ] 2

SCENE BRIGHTNESS, t'l-L

Fig. 6. Typical light-transfer characteristics
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2. Sine-Wave Response

In order t¢_ obtain tile approximate mathematical description of the

system required for the figure of merit, it is necessary to determine

the sine-waxe respmlse uf the system. There are a number of ways of

obtaining such data. The an.st direct method is the use of slides with

siunsoidal variations in transmission which are then placed in the

calibration collimators to illuminate the cameras. A film recording is

made. and then the film is scanned with a microphotometer to deter-

mine the sine-wave response. A typical response curve is shown in

Fig. 7

1.2
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0
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o

-GAUSSIAN CURVE

cr : 536 I

I
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FREQUENCY ON 35-rnm FILM, cycles/ram

Fig. 7. Typical sine-wave response
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3. System Noise and Geometric Distortion

Noise is one of the critical parameters of a photographic system

which is required to characterize the system. For a television sys-

tem, it is convenient to combine film gramdarity with electrical noise

generated in the camera and the commnnication system to obtain an

over-all measure of system noise. The over-all noise is measured by

scanning a film recording with a microphotometer. The resulting

reeord is then analyzed to calculate the root-mean-square variations

in transmission.

Geometric distortion is determined by inserting a slide in the

collimators which has been ruled horizontally and vertically. Photo-

graphs of the slide are then used to correct the distortion.

D. Film Recording and Processing

Because of the short time duration of the picture-taking sequence,

it is prudent tn set up the f_lm recorder brightness levels wet] in

advance of tilt' missicm. It is necessary, therefore, to make the dynamic

range of thc reeor(h'r enrrcspond to the dvn;.|mic liln_e (If the camera

system. This lm'chtdt's the optimum sctup for the particular liRhting

rx)nditions of the impact area; however, no information is lost perma-

nently because the magnetic tape can be played back after the

mission, with the film recorder setup optimized.

The optimum density range in the film is determined by several

practical characteristics of the film recorder, such as cathode-ray tube

brightness, resolution, film camera aperture, and the film itself. An

analysis of these parameters indicated that a density range of 1.6 from

scene black to scene white was the best choice in terms of minimizing

the effects of film granularity.

The fihn used for the Ranger VII mission was Eastman Kodak

television recording film, type 5374. The negatives were developed

hy a commercial film processor to a gamma of 1.4. The processed

negatives were then contact printed in a continuous film printer to

obtain a master positive. The film used for the positive was Kodak

type 52:35, a fine-grain panchromatic film. The positive was developed

to a gannna of 1.0. The photographs in this atlas were produced from

the master positive by making hand-dodged 8 >( 10-in. uegatives. The

negatives were then used to contact print the photographs, with some

additional manual dodging io the contact printer.

V. CAMERA B TABLE OF VALUES

The nesting uf the 1_,camera is outlined in Fig. 8a* at different times

before impact. The first B camera l)hotograph is shown in Fig. 8t) and

may he compared to the outlines shown at 17 min hefore impact.

ttepetition of sorer' pt'rmant'llt camera sllrfacc characteristics will

be noted in each frame. These ilrt,_laritits shoNld he i_nored in

any photu_4ral)h intcrln't'tatiml studio's.

The parameters listed in the l)reliminarx table of _alues (Table 2]

are defined below:

Spacecraft

Altitude: The distanct' trmn the spacecraft to the surface directly

below.

l.atitmle, Ion_itmh': The selenoeentric position of the point of

intersectiml with the surface of a line connecting the space-

craft and the center of the Moon. This defines the surface

point directly below the spacecraft.

Photograph

Central reticle: The principal cross mark on the camera face

(Fig. 9).

Latitude, longitude: The sm'face point in selenocentric coordi

notes covered by the central reticle.

Slant rml_e: The distance from tile spacecraft to the surface point

covered by the central reticle (Fig. 10).

*Photograph courte._l Lmmr and Planetar!t LabrJrator!/, Uuiversit!! r_t Arizona,
Tucson, Arizona.

Incidence, phase, emission antics: The emission angle is the

angle hetween the local surface normal and the camera

axis. The incidence angle is the angle between the local

surface normal and the direction of illulnination. The phase

angle is measured hetween the illmnination direction and

the camera axis. These three angles form the photometric

geometry They can he oriented by noting that the direction

of ilhnninatiml elf the observed point is parallel to the line

passing through the snhsolar point and the Moon center

(neglecting parallax) and that the emission angle is meas-

ured in the plane formed by the spacecraft surface pnint

and the local normal (Fig. 11). For Ranlzer VII, the sub-

solar point was at 0.94 ° latitude and 87.52 ° longitude.

Scale (E-W, N-S): The distances from the surface point covered

by the central reticle to the surface points covered by the

reticle immediately to the left (west) and to the top (north)

of the central reticle ( Fig. 9 ).

Deviation North: Grid north is defined lay the straight line drawn

from the central reticle to the middle reticle in the north

margin of the photograph. The deviation is the clockwise

rotation from grid north to the direction of true North at the

central reticle. Convergence of the meridians is appreciable

on alI photographs, including those of larger scale, and
directions at the central reticles cannot be transferred to the

left and right margins without intrnducing errors (Fig. 9).

I1
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a. Nest of B frames

b, First photograph

Fig. 8, Camera nesting and coverage
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F

I DEVIATION

F _ -I 4
}q-SCALE E-W4'_ x',__CENTRAL RETICLE

L__ _1_ _L _L_ _]

I

ALTITUDE

Fig. 9. Definition of central reticle, deviation North, and scale Fig. 10. Altitude and range definition

SPACECRAFT

DIRECTION OF __

ILLUMINATION --/

1 /CAMERA AXIS

/ I /-PHASEA_G,E
// H22,SS,O_A_GLE
/ _ SURFACE NORMAL

"-INCIDENCE ANGLE

OBSERVED POINT -/jlq _'-_'_ SPACECRAFT TRACE

Fig. 11. Ranger VII photometric coverage
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Table2. Preliminary table of values

Photo

number

I

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

3O

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

5O

51

52

53

54

55

56

57

58

59

6O

61

62

GMT of Spacecraft

frame

exposure Altitude, Lalitude,

July 31_ 1964 km deg

13;08:44.90

13:08:50.02

13:08:55.14

13:09:00.26

13:09:05.38

13:09:10.50

13:09:15.62

13:09:20.74

13:09:25.86

13:09:30.98

13:09:36.10

13:09:41.22

13:09:46.34

I 3:09:51.46

13:09:56.58

13:10:01.70

I 3:10:06.82

I 3:10:11.94

13:10:17.06

I 3:10:22.18

13:10:27.30

13d a:32.42

13:10:37.54

13:10:42.66

13:10:47.78

13:10:52.90

13:10:58.02

13:11:03.14

13:11:08.26

13:11:13.38

13:11:18.50

13:11 _23.62

13:11:28.74

13:11:33.86

13:11:38.98

13:1 h44.10

13:11:49.21

13:11:54..33

13:t 1:59,45

13:12:04.57

I 3:12:09.69

I 3:12:14.81

13:12:19.93

13:12:25.05

I 3:12:30.17

13:12:35.29

13:12:40.41

13:12:45.53

13:12:50.65

I 3:12:55.77

I 3:13:00.89

13:13:06.01

] 3:13:11.13

I 3:13:16.25

I 3:13:21,37

I 3:13:26.49

13:13:31.61

I 3:13:36.73

I 3:13:41.85

13:13:46.97

13:13:52,09

13:13:57.21

2109.85

2100.29

2090.73

2081.16

2071.59

2062.00

2052.4t

2042.82

2033.21

2023.60

2013.98

2004.36

1994.73

1985.09

1975.44

1965.79

1956.13

t946.46

1936.78

1927.10

1917.41

1907.71

1898.00

1888,29

1878.57

1868.84

1859.10

1849.36

1839.60

1829.84

1820.08

1810.30

1800.52

1790.72

1780.93

1771.12

1761.30

1751.48

1741.65

1731,81

1721.96

1712,10

1702.24

1692.37

1682,48

1672.59

1662.70

1652,79

1642.87

1632.95

1623.02

1613.08

1603.13

1593.17

1583.20

1573.23

1563.24

1553.25

1543.24

1533.23

1523.21

1513.18

--3.28

--3.30

--3.32

--3.34

--3.36

-- 3.37

--3.39

3.41

--3.43

--3.45

-- 3.46

-- 3.48

--3.50

-- 3.52

--3.54

3.56

-- 3.58

3.60

-- 3.62

--3.63

--3.65

-- 3.67

-- 3.69

3.71

--3.73

3.75

3.77

--3.79

--3.81

-- 3.83

--3.85

--3.87

3.B9

--3.92

-- 3.94

--3.96

-- 3.98

--4.00

-- 4,02

-- 4.04

--4.06

4,09

--4.11

4.13

--4rl 5

-4.17

- 4.20

4.22

4.24

--4.26

--4.29

--4.31

4,33

4.36

--4.38

-4.40

4.43

4.46

--4.48

--4.50

4.52

--4.55

Longitude_

deg

--35.82

-- 35.79

--35.76

--35,72

35.69

--35.65

-- 35.62

35.58

-- 35.54

--35.51

-- 35.47

--35.44

--35.40

--35.36

-- 35.32

35.29

--35.25

--35.21

--35.18

--35.14

--35.10

--35.06

--35.02

34.98

--34.94

--34.91

-- 34.87

--34.83

--34.79

--34.75

-34.71

34.67

34.62

-- 34.58

--34.54

-- 34.50

-- 34.46

--34.42

34.37

-- 34.33

-- 34.29

-- 34.25

- 34.20

34.16

34.12

--34.07

--34.03

--33.98

--33.94

-- 33.89

--33.85

33.80

33.76

33.71

--33.66

-- 33.62

--33.57

- 33.52

- 33.47

- 33.43

- 33.38

33.33

Latitude,

deg

--13.09

--13.09

--_3.09

--13,09

--13.09

13.08

13.08

--13.08

--13.08

--13.08

--13.08

13.08

--13.08

--13.07

-13.07

-13.07

-13.07

-13.06

13.06

--13.06

--13.06

--13.06

--13.06

--13.06

13.06

-13.06

--13.06

13.06

- 13.05

13.05

13.05

--13.05

13.04

13.04

--13.04

-13.04

-13.03

13.03

13.03

--13.03

-13.02

-13.02

-13.01

-13.01

-13.01

13,00

-13,00

-13.00

--12.99

12.99

12.98

-12.98

--12.98

12.97

-12.97

12.96

12,96

--12.95

12.95

12,94

-12,94

--12.94

Photograph (¢entralreticle)

Slant Incidence
Longitude, range, angle,

deg km deg

--09.63 2445.97 78.3

--09.69 2434.96 78.3

--09.74 2423.94 78.2

-- 09.80 2412.88 78.2

-- 09,86 2401.68 78.1

--09.92 2390.49 78.1

--09.99 2379.23 78.0

--10.06 2367.85 77.9

--10.13 2356.47 77.9

--10.20 2345.16 77.8

--10.26 2333.93 77.7

--10.32 2322.70 77.7

--10.39 2311.45 77.6

--I 0.45 2300,17 77.6

--10.52 2288.88 77.5

--10.57 2277.68 77.4

--10.63 2266.55 77.4

--10.68 2255.42 77.3

--10.72 2244.66 77.3

10.75 2234.10 77.3

--10.77 2223.54 77.3

--10.80 2212.90 77.2

--10.83 2202.24 77.2

-- 10.86 2191.56 77.2

--10.89 2180.93 77.1

-- _0.92 2170.31 77.1

-- 10,94 2159.67 77.1

-- 10,98 2148.91 77.1

--11.01 2138.12 I 77.0

-- _1.04 2127.32 77.0

-- Ih07 2116.53 77.0

--11.11 2105.73 76.9

-11.14 2094.92 76.9

--11.17 2084.09 76.9

-- 11.20 2073.26 76.8

11.24 2062.40 76.8

-- 11,27 2051.55 76.8

-- 1 1.30 2040.68 76.7

-- 11.34 2029.79 76.7

I 1.38 2018.79 76.7

--11.41 2007.79 76.6

--11.45 1996.76 76.6

i -- 11,49 1985.68 76.6

11.53 1974.58 76.5

-- 11.57 1963.47 76.5

11.62 1952.34 76.4

-_1.66 1941.20 76.4

! --11.70 1930.06 76.4

i -- )h74 1918.95 76.3

11.78 1907.83 76.3

-- 11.82 t 1896.68 76.2

- 11.86 1885.50 76.2

11.90 1874.31 76.2

i --11.94 1863.09 76.1

i -- 11.99 185h84 76.1

- 12.03 1840.57 76.0

-- 12.07 1829.31 76,0

I - 12.11 1818.05 76.0
J

I I2.16 1806.78 75.9

12.19 1795.68 75.9

-- 12.22 1784.67 75.9

--12.24 1773.65 75.8

Phase Emission

=ngle, angle,

deg deg

33.9 47.0

33.9 46,9

33.9 46.8

33.9 46.8

33.9 46.7

33.9 46.6

34.0 46.6

34.0 46.5

34.0 46.4

34.0 46.3

34,0 46.3

34.1 46.2

34.1 46.1

34.1 46,0

34.1 46.0

34.1 45.9

34.1 45.8

34.1 45.8

34.1 45,7

34.1 45.7

34.1 45.7

34.1 45.7

34.1 45.7

34.1 45.6

34.1 45.6

34.1 45.6

34.1 45.6

34.1 45.6

34.1 45.5

34.1 45.5

34,1 45.5

34.1 45,4

34.1 45,4

34.1 45.4

34.1 i 45,4

34_1 45,3

34.1 45.3

34.1 45.3

34.1 45.3

34,1 45,2

34.1 45.2

34.1 45.1

34.1 45.1

34.1 45.1

34.1 45.0

34.1 45.0

34.1 44.9

34.1 44.9

34.1 44.9

34.1 44.8

34.1 44,8

34.1 44.8

34.1 44.7

34.1 44.7

34.1 44.6

34.1 44.6

34.1 44.6

34,1 44.5

34.1 44.5

34.1 44.5

34.1 44.4

34.1 44.4

Scale, km

E-W N-5

103.4 86,0

102.8 85.6

102.3 85.2

I 01.7 84.8

101.1 84.4

100.6 84.0

100.0 83.6

99.4 83.2

98.8 82.8

98.2 82.4

97.7 82.0

97.1 81.6

96.5 81.2

95.9 80.8

95.4 80.4

94.8 80.0

94.3 79.6

93.7 79.2

93.3 78.8

92.B 78.4

92.3 78.1

91.9 77.7

91,4 77.3

90.9 77,0

90.5 76.6

90.0 76.2

89.6 75.8

89.1 75.5

88.6 75,1

88.I 74,7

87.7 74.3

87.2 73.9

86.7 73.6

86.2 73,2

85.8 72.8

85.3

84.8

84.3

83.8

83,4

82.9

82.4

81.9

81.4

80.9

80.4

79.9

79.4

78.9

78,4

77.9

77.4

76.9

76.4

75.9

75.4

74.9

74.4

73,9

73.5

73.0

72.5

Deviation

North,

deg

11.1

11.1

11.1

11.1

11.1

11.1

11.1

11.1

11.0

11.0

11,0

11.0

11.0

11.0

11.0

11.0

11.0

11.0

10,9

10.9

10.9

10.9

10.9

10.9

10.9

10.9

10.9

10.9

10.9

10.9

10.9

10.9

10.9

10.9

10.9

72.4 10.9

72.0 I0.9

71.7 10.9

71.3 10.9

70.9 10.9

70.5 10,9

70.1 10.9

69.7 109

69,3 10.8

68,9 10.8

68,5 10.8

68.2 10.8

67.8 10.8

67,4 10,8

67.0 _0.8

66,6 10.8

66,2 10.8

65,8 10.8

65.4 10.8

65.0 10.8

64.6 10.8

64.2 10.8

63.8 10.7

63.4 10,7

83.0 10.7

62.6 10,7

62.3 10.7
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Table2. (Cant'd)

Photo

number

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

I10

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

GM¥ of

frame

exposure

July 31, 1964

13:14:02.33

13:14:07.45

13:14:12.57

13:14:17.69

t3:14:22.81

13:14:27.93

I 3:14:33.05

13:14:38.17

13:14:43.29

13:14:48.41

13:14:53.53

13:14:58.65

13:15:03.77

13:15:08.89

13:15:14.01

13:15:19.13

13:15:24.25

13:15:29.37

13:15:34.49

13:t 5r39.61

33:15:44.73

13:15:49.85

13:15:54.97

13:16:00.09

13:16:05.21

13:16:10.33

13:16:15.45

13:16:20.57

I 3:16:25.69

| 3:16:30.81

13:16:35.93

I 3:16:41.05

13:16:46.17

13:16:51.29

13:16:56A I

13:17:01.53

13:17:06.64

I 3:17:11.76

13:17:16.88

I 3: I 7:22.00

13:17:27.12

13:17:32.24

13:17:37.36

I 3:17:42.48

I 3:17:47.60

13H 7:52.72

13:17:57.84

13:18:02,96

13: I 8:08.08

13:18:I 3.20

13:_ 8:18.32

I 3:18:23.44

13:18:28.56

I 3:18:33.68

13:18:38.80

13:18:43.92

13:18:49.04

13:18:54.16

13:18;59.28

13:19:04.40

13:19:09.52

13:19:14.64

I 3: I 9:19.76

Altitude,

km

1503.14

1493.09

1483.04

1472.97

1462.89

1452.81

1442.71

1432.61

1422.49

1412.37

1402.24

1392.09

1381.94

1371.78

1361.60

1351.42

1341.23

1331.03

1320.82

1310.59

1300.36

1290,12

1279.86

1269.60

1259.33

1249.04

1238.75

1228.44

1218.12

1207.80

1197.46

187.1L

_76.75

166,38

I156.00

1145.61

1135,20

1124.79

1114.36

1103.92

1093.47

1083.01

1072.54

1062,06

I051,56

I041,06

1030.54

1020.01

1009,46

998.91

988.34

977.76

967.17

956.57

945.95

935.32

924.68

914.03

903,36

892.68

881.99

871.28

860.56

SpacecraFt

Latitude,

deg

--4.57

--4.60

--4.62

--4.65

--4,67

--4.70

--4.72

-- 4.75

-- 4.77

--4.80

--4.83

--4.85

--4,88

--4,91

-4.93

--4.96

4.99

--5.01

-- 5.04

-- 5,07

--5.10

--5.12

--5.15

--5,18

-5.21

-5,24

--5.27

- 5.30

--5,33

--5.36

5.39

5.42

5,45

5.4B

5.51

5.54

5.57

- 5.60

5.63

--5.66

-- 5,70

--5,73

5.76

-- 5,79

--5.83

--5.86

--5.89

5,93

--5.96

--5,99

--6,03

--6.06

--6,10

--6.13

--6.17

--6.20

--6,24

--6,28

--6.31

--6.35

--6.39

--6,42

--6,46

Longitude,

deg

--33.28

--33.23

--33.18

--33.13

-- 33.08

-- 33.03

32.98

-- 32.93

-- 32,88

--32.83

--32,78

-- 32,72

--32.67

--32.62

-- 32.56

32,51

32.46

-- 32.40

32.35

--32,29

--32.23

32.18

-32.|2

-- 32.06

--32,01

--31.95

- 31.89

--31.83

L --31,77

31,71

31.65

-31,59

--31,53

31.47

31.41

--31,35

--31,29

3_.22

--31.16

--31.10

31.03

30.97

-- 30.90

30.84

-- 30.77

-- 30,70

-- 30.63

--30.57

-- 30.50

-- 30,43

30.36

-- 30.29

--30.22

--30.15

-- 30.07

-- 30.00

-- 29,93

--29.86

-- 29.78

29.71

-- 29.63

29,55

-- 29,48

Latitude,

deg

-- 12,93

- 12.93

-- 12.92

-12.92

12,91

-12.91

- 12,90

-12.90

--12.89

-- 12.88

-- 12.88

12,87

-- 12,87

-12.86

--12.85

- 12.85

-12.84

12,83

-- 12.82

--12.81

--12.81

- 12.80

-12.79

--12.78

-- 12,76

-- 12,75

-- 12,74

- 12.73

-12.721

-12,71

- 12.69

I 2,68

12.67

12.65

12.64

12,62

12.61

12,60

12.58

--12.57 i

-- 12.55 1

--12.54

--12.53

--12.51

--12.50

-- 12.48

-- I 2,47

12,46

--12.44

-- 12.43 J

-- 12.41 !

- 12.39 I

12.38

-12.36

- I235

12,33

--12.32 I

--12,30

12.29

I 2.27

- 12.25

-- 12,24

12,22

Photograph (central reticle)

Slant Incidence
Longitude,

range, angle,
deg km deg

I --12.27 1762.65 75.8

-- 12.30 1751.64 75.8

-- I 2.32 I 740.61 75.8

-- I 2.35 1729.49 75.7

-- I 2.39 1718_32 75.7

12.42 1707.13 75.7

-- 12.45 I 695.88 75.6

I -- 12,49 1684,60 75.6

-- 12.52 1673,31 75.6

-- 12.56 1662.00 75.5

-- I 2.60 1650.67 75.5

-- 12,63 1639.32 75,5

-- I 2,67 1627.95 75,4

-- 12.71 1616.56 75.4

-- 12.75 I 605.t 6 75,4

-- 12,78 1593.73 75.3

-- 12.82 1582.29 75,3

-- 12.86 1570.82 75.2

-- 12.90 1559.30 75.2

-- 12.94 1547.76 75.2

-- 12.99 1536.20 75.1

13.03 1524.64 75.1

I -- 13,07 1513,05 75,0

13.1 I 1501.44 75.0

- 13,15 1489.76 75.0

-- 13.20 1478.07 74.9

-- 13.24 1466.35 74,9

-- 13.29 1454.59 74.8

-- I 3.33 1442.81 74.8

-- 13,38 1431.00 74.7

--13.43 1419.17 74.7

- 13,48 1407,32 74.6

13,52 1395.44 74.6

13,57 1383.51 74.5

-- 13,62 1371,57 74.5

-- 13,68 1359.57 74,4

-- 13.73 1347,51 74.4

-- 13,79 1335.44 74.3

-- 13.84 132337 74.3

-- 13.89 1311.31 74,2

-- I 3,95 1299,23 74.2

14.00 1287.10 74,1

- 14,06 1274.93 74.1

14.12 1262.75 74.0

-- 14.17 1250.56 74.0

-- 14.23 1238.36 73.9

-- 14.28 1226 15 73.9

14.34 I 213.89 73.8

I 4.40 1201.61 73.7

-- 14.46 I 189.32 73.7

-- 14.51 I 176.99 73.6

-- 14.57 1 t 64,64 73.6

-- 14.63 I 152.27 73.5

I 4.69 I 139.92 73.5

-- 14.75 1127.55 73.4

--14,81 I 115.16 73.3

-- I 4.87 I 102.72 73.3

-- I 4.92 1090,26 73,2

- 14,98 1077.78 73.2

-- 15.05 1065.26 73.1

-- I 5.1 I 1052.72 73.0

15,17 1040. I 6 73.0

-- 15.23 1027.60 72.9

Phase Emission

angle, angle,

deg deg

34.1

34.1

34.1

34.1

34.1

34.1

34.1

34.1

34.1

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34,0

34.0

34.0

34.0

34.0

34.0

34.0

34,0

34,0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34,0

34.0

34.0

34.0

34.0

34.0

34.0

34.0

34.1

34,l

34.1

34.1

34.1

34.1

34,1

44.4

44.4

44.4

44.4

44.3

44,3

44.3

44.3

44.2

44.2

44.2

44.1

44,1

44.1

44.1

44,0

44.0

44.0

43.9

43.9

43.9

43.8

43.8

43.7

43.7

43.7

43.6

43.6

43.5

43.5

43.4

43.4

43.3

43.3

43.2

43,2

43.1

43.1

43.0

43.0

42.9

42.8

42.8

42.7

42.7

42.6

42,5

42,5

42,4

42,3

42.3

42,2

42.2

42.1

42.0

42.0

41.9

41.8

41.8

41.7

41.6

41.6

41.5

Scale, km

E-W N-S

72.1 61.9

71.6 61.5

71.2 61.1

70.7 60.7

70.2 60.3

69.7 59.9

69.3 59.5

68.8 59.1

68.3 58.7

67.8 58.3

67.3 57.9

66.8 57.5

66.4 57.1

65.9 56,7

65.4 56.3

64.9 55.9

64.4 55.5

63.9 55.1

J 63.4 54.7

62.9 54.3

62.4 53.9

62.0 53_5

61.5 53.1

61.0 52,7

60,5 52,3

60.0 51.8

59.5 51,4

59.0 51.0

58.5 50.6

57,9 50.2

57.4 49.7

56.9 49.3

56.4 48.9

55.9 48.5

55.4 48.0

54,9 47.6

54.4 47.2

53.8 46.8

53.3 46.3

52.8 45,9

52.3 45.5

51.8 45.0

5_ .2 44.6

50.7 44.2

50.2 43.7

49.7 43.3

49.1 42.9

48.6 42,4

48.1 42.0

47.6 41.6

47.1 41.1

46.5 40.7

46.0 40.2

45,5 39.8

45.0 39.4

44.4 38.9

43.9 38.5

43.4 38.0

42.8 37.6

42,3 37.1

41.8 36,7

41,3 36.3

40.7 35.8

Deviation

North,

deg

I 0.7

I 0.7

10.7

10.7

10,7

10.7

10.7

10.7

10.7

10.7

10.7

10.7

10,7

10.7

10,7

10.7

10.6

10.6

10.6

10.6

10.6

10,6

10.6

10.6

10.6

10.5

10.5

10.5

10.5

10.5

10.5

10.4

10.4

10.4

10.4

10.4

10.3

10.3

10.3

10,3

10,3

10,2

10.2

10.2

10.2

_0.2

10.1

10,1

I 10,1

I 10,1

; 10.1

10.0

I 0.0

I0,0

I 0,0

9.9

9,9

9,9

9.9

9.9

! 9,8

9.8

! 9.8
J
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Table 2. (Cant'd)

GMT of

Photo frame

number exposure

July 31, 1964

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

| 76

177

178

179

180

181

182

183

184

185

186

13:19:24.88

13:19:30.00

13:19:35.12

13:19:40.24

13:19:45.36

13:19:50.48

Altitude,

km

849,83

839.09

828.33

817.56

806.77

795.97

Spacecraft

Latitude,

deg

--6,50

-6.54

6.58

-6.61

--6.65

- 6,69

13:19:55.60 785.16

I 3:20:00.72 774.33

13:20:05.84 763.49

13:20:10.96 752.64

I 3:20:16.08 741.77

I 3:20:21.20 730.89

I 3:20:26.33 720.00

I 3:20:31.44 709.08

13:20:36.56 698.16

I 3:20:41.68 687.22

I 3:20:46.80 676.26

I 3:20:51.92 665.29

I 3:20:57.04 654.31

t 3:21:02.16 643.31

I 3:21:07.28 632.30

13:21:12.40 621.27

13:21:17.52 610.23

13:21:22.64 599.17

13:21:27.76 588.09

13:21:32.88 577.00

13:21:38.00 565.90

I 3:21:43.12 554.77

I 3:21:48.24 543.64

13:21:53.36 532.48

13:21:58.48 521.3 I

I 3:22:03.60 510. I 3

13:22:08.72 498.92

13:22:13.84 487.70

i 3:22:18.96 476.47

I 3:22:24.08 465.22

I 3:22:29.20 453.95

I 3:22:34.32 442.66

I 3:22:39.44 431.36

13:22:44.56 420.04

13:22:49.68 408.70

13:22:54.80 397.35

I 3:22:59.92 385.97

I 3:23:05.04 374,58

13:23:10.16 363.18

13:23:15.28 351.75

I 3:23:20.39 340.3 I

I 3:23:25.5 I 328,84

13:23:36,63 317.36

13:23:35.75 305.86

13:23:40.87 294.35

13:23.45.99 282.81

13:23:51 .I I 271.25

I 3:23:56.93 259.68

I 3:24:01.35 248.08

I 3:24:06.47 236.47

I 3:24:11.59 224.84

13:24:16.71 213.18

13:24:21.83 201.51

13:24:26.95 189.82

13:24:32.07 178.10

--6.73

--6.77

--6.81

--6.85

-- 6.90

6.94

6.98

--7.02

-- 7.06

7.11

--7,15

--7.19

--7.24

7.28

- 7.33

--7.37

--7.42

-7.46

-7.51

-7.56

7.61

-7.65

7.70

7.75

-- 7.80

--7.85

--7.90

--7.95

- 8.00

8.05

8.10

8,16

--8.21

--8.26

-- 8.32

- 8.37

8.43

8.48

- 8.54

-- 8.60

--8.65

8.71

-- 8.77

--8.83

--8.89

8.95

9.01

- 9.07

-9.14

9.20

9,26

.9.33

-9.39

-9.46

-9.53

Longitude,

deg

-- 29.40

-- 29.32

-- 29,24

--29.16

-- 29.08

-- 29.00

-- 28.92

-- 28.84

-- 28.76

-- 28,67

-- 28.59

--28.50

--28.42

--28.32

--28.24

--28.15

28.06

-- 27.97

27.88

27.79

-- 27.70

27.60

-27.51

Latitude,

deg

-- 12.20

--12.19

-- 12.17

--12.15

--12.13

--12.12

--12.10

-- I 2.08

t 2.07

-- 12.05

-- I 2.03

I 12.01

i -- I 2.00

11.98

I 1.96

- I 1.94

-- 11.93

--!1.91

I 1.89

-- 11.87

I 1.86

I1.84

-- I 1.82

Phatograph (cmntral reticle)

Longitude,

deg

--15.29

--15,35

--15.4t

-- 15.47

--15.53

-- I 5.59

--_5.65

-- 15.70

-- 15.77

--15.83

15.89

-- 15.95

--16.01

- t 6.08

--16.14

--16.19

I 6.25

-- 16.31

-- 16.37

- 16.43

- 16.49

-- I 6,55

--16.61

27.41 [ ! 1.80

27.32 -- I 1.78

27.22 - I 1.77

--27.12 --11.75

27.02 - I 1.73

26.92 -- I 1.71

-- 26.82 i 11.69

--26.72 -- 1 t.68

26.61 - 11.66

26.51 _, - I 1.64
i

26.40 ! 11.62

26.30 11.60

-- 26,19 11.58

- 26.08 I 1.56

25.97 l 1.54

--25.86 -- 11.52

-25.75 J -11.51

-25.63 -- I 1.49

-25.52 - I 1.47

25.40 I 1.44

25.28 I 1.42

--25.16 --11.40

25.04 11.38

- 24.92 I - 11.36
I

- 24.80 i 11.34

-- 24.68 -- 1 1.32

--24.55 ! 11,30

-- 24.42 I 1.28

24.29 -- 11.25

-24.16 i --11.23

-- 24.03 i I 1.21

-23.90 --11.19

23.76 11.16

- 23.63 1 I.I 4

23,49 11.12

--23.35 -- 11,09

-- 23.20 i -- 11.07

23.06 ! I 1.04

L

16,67

-- 16.73

-- 16.80

--16.86

-- 16.94

--16.99

-- 17.06

--17.13

--17.20

-- 17.26

--17.33

-- 17.40

--17.47

-- I 7.54

-- 17.62

-- 17.69

-- 17.76

17.83

17.90

-- 17.97

18.04

--18.11

--18.18

18.26

--18.33

-- 18.40

- - I 8.48

- 18.55

-- 18.63

- 18.71

- 18.79

-18.86

18.94

19.02

19.10

-19.18

- 19.27

19.35

Slant Incidence Phase Emission

range, angle, angle, angle,

km deg deg deg

1015.01 72.9 34.1

1002.42 72.8 34.1

989.84 72.7 34.1

977.24 72.7 34.1

964,63 72.6 34.1

952.05 72.6 34.1

939.44 72.5 34.1

926.78 72.5 34.1

914.04 72.4 34,1

901.29 72.3 34.1

888.53 72.3 34.1

875.75 72.2 34.1

862.95 72.1 34.1

850.15 72.1 34.1

837.36 72.0 34.1

824.55 72.0 34. t

811.75 71.9 341

798.96 71.9 34.1

786.14 71.8 34.1

773.26 71.7 34,1

760,33 71.7 34.1

747.37 71.6 34.1

734.40 71,6 34.1

721.41 71.5 34.1

708.39 71.4 34.1

695.32 71.4 34_I

682.21 71.3 34.1

669.08 71.2 34.1

655.91 71.2 34,1

642.72 71 .I 34.1

629.50 71.0 34.1

616.21 71.0 34.1

602.90 70.9 34.1

589.56 70.8 34.1

576.20 70.8 34.1

562.81 70.7 34.1

549.39 70.6 34.1

535,93 70.6 34,1

522.44 70.5 34.1

508.93 70.4 34.1

495.43 70.4 34.1

48 1.91 70.3 34.1

468.35 70.2 34,I

454.76 70.1 34,1

441,13 70.1 34,1

427.47 70.0 34,1

413.78 69.9 34 1

400.06 69.9 34.1

386.30 69.8 34.1

372.49 69.7 34.1

358,65 69,6 34.1

344.77 69.6 34.1

330.86 69.5 34 1

3 I 6.90 69.4 34.1

302.91 69.3 34.1

288.87 69.2 34.1

274,80 69,2 34,1

260.69 69.1 34.1

246.54 69.0 34.1

232.35 68.9 34.1

218.12 68.8 34.1

41.4

41.4

41.3

41.2

41.2

41.1

41.0

41.0

40.9

40.8

40,8

40.7

40.6

40.6

40.5

40.5

40.4

40.3

40.3

40,2

40.2

40.1

40,1

40.0

39,9

399

39.8

39.7

39.7

39,6

39.5

39,5

39.4

39.3

i 39.2

39.2

39.1

39.0

I 38.9

i 38,9

38.8

38.7

; 38.7

i 38.6

: 38.5

38,5

38.4

38.3

38.2

I 38.2

i 38.$

38.0

i 37.9

I 37.9

37.8
i

37.7

37.6

j 37.5

I 37.5

37.4

37.3

Scale, km

£-W N-S

40.2 35,4

39.7 34.9

39.2 34.5

38.6 34.0

38,1 33,6

37.6 33,1

37.1 32.7

36.5 32.2

36,0 31.8

35,5 31.3

35.0 30.9

34.4 30.4

33.9 30,0

33.4 29,5

32.9 29.1

32.3 28_6

31.8 28.2

31.3 27.7

30.8 27.3

30.3 26.8

29.7 26.4

29.2 25.9

28.7 25.5

28.2 25.0

27.7 24.6

27.1 24.1

26.6 23.7

26.1 23.2

25.5 22.7

25.0 22.3

24.5 21.8

23.9 21,4

23.4 20,9

22.9 20.4

22.3 20.0

21.8 19.5

21.3 19.0

20.7 18.6

20.2 I 8.1

l 9.7 17.6

19.1 17.1

I 8.6 16.7

18.1 16.2

t7.5 15.7

17.0 15.3

16.4 14.8

15.9 14,3

I5.4 13.8

14.8 I 3.4

14.3 12.9

I 3.7 12.4

I 3.2 I 1.9

12.7 I 1.4

12.1 I 1.0

I 1.6 I 0,5

I 1.0 10.0

I 0.5 9.5

9.9 9.0

9.4 8.5

8.9 8.0

8.3 7.5

Deviation

North,

deg

9.8

9.7

9.7

9.7

9.7

9.6

9.6

9.6

9.6

9.5

9.5

9.5

9.5

9.5

9.4

9.4

9_4

9.4

9.4

9.3

9.3

9.3

9.3

9.3

9.2

9.2

9.2

9.2

9_2

9.1

9.1

9.1

9.1

9.1

9.0

9.0

9.0

9.0

9.0

8.9

8.9

8.9

8.9

8.9

8.8

8.8

8.8

8.8

8.8

8.8

8.7

8.7

8.7

L 8.7
L

8.7

8.7

8.6

8,6

8.6

8.6

B.6
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Photo

number

187

188

189

190

191

192

193

194

195

196

197

198

199

200

IMPACT

GMT of

frmme

exposure A Ititude,
July 31, 1964 km

13:24:37.19 166.37

! 13:24:42.31 154.62

13:24:47.43 142.84

I 3:24:52.55 131.05

13:24:57.67 1 I 9.23

13:25:02.79 107.39

13:25:07.91 95,54

13:25:13.03 83.66

13:25:18.79 71.75

13:25:23.27 59.83

I 3:25:28.49 47.88

13:25:33.51 35,92

13:25:38.63 23.93

13:25:43.75 11.91

/ 13:25:48,82 O.
I
J

Table 2. (Cant'd)

Spacecraft

Lalllude,

dog

9.60

--9.66

--9.73

--9.80

-9.87

--9.95

--10.02

-- 10.09

--10.17

--10,24

--10.32

--10.39

I --10.47

--10.55
l

I --10.59

Photograph (central reticle)

Longitude,

dog

-- 22.92

22,77

--22.62

-- 22.47

--22.31

22.16

--22.00

--21.84

--21.68

--2],51

--21.35

--21,18

--21.01

--20.83

-- 20.68

Lalitude,

dog

-- I 1.02

--10.99

-- 10.97

-- 10.94

-- 10.91

-- 10.B9

-- 10,86

--10.83

--10.80

- 10.78

--10.75

--10.72

-- 10.69

10.66

Lengitude,

deg

-- 19.43

--19.52

-- 19.60

-- 19.68

-- 19.77

--19.85

-- 19.94

-- 20.03

-- 20.12

--20.20

-- 20.29

--20.39

-- 20,48

20.57

Slant

rarlgeF

km

203.85

189.54

175,20

160.83

146.42

131.96

117.47

102.92

88,33

73.70

59.02

44.30

29.53

14.71

Incidence

angle,

dog

68.8

68.7

68.6

68.5

68,4

68,3

68,3

68,2

68.1

68.0

68.0

67.8

67,7

67.6

Phase

angle,

dog

Emissio_

angle,

deg

34.1 37.2

34.1 37.1

34.1 37.0

34.1 36.9

34.1 36.9

34.1 36.8

34,1 36.7

34.1 36.6

34.1 36.5

34.1 36.4

34.1 36,3

34.1 36.3

34.1 36.2

34.1 36.1

Scale, km

E-W N-S

7.8 7.0

7.2 6.5

6,7 6. l

6,1 5.6

5,6 5. t

5,0 4.6

4,5 4.1

3.9 3.6

3,4 3.1

2.8 2.6

2,3 2.1

1,7 1.6

1.2 1.1

0.64 0.60

Deviation !

North,

dog

8,5

8.5

8,5

8.5

8.5

8.4

8,4

8.4

8,4

8.4

8.4

8.3

8.3

8.3

L
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edge o/phenomena in the atmosphere and space. The Administration
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